An environmental evaluation of agricultural lands situated close to industrial areas in and around Lucknow city was carried out to determine the effect of co-contamination in the study area. Analysis of soil samples revealed the presence of mercury and cadmium at higher levels than their normal distribution in soil. Apart from heavy metals, the herbicide Butachlor was also detected in most of the soil samples studied. Co-contaminated soils pose a major threat to agricultural ecosystems since the presence of different concentrations of heavy metals may inhibit biodegradation of organic pollutants, which further affects metal bioavailabilty and phytoremediation.
THE agricultural lands close to urban areas are subjected to various processes like traffic emissions, energy and fuel production, power transmission, mining, metal refining, intensive agriculture and dumping of sludge that contribute to contamination of soil 1 . Wastewater irrigation practices lead to the accumulation of heavy metals like nickel (Ni), copper (Cu), zinc (Zn), cadmium (Cd), iron (Fe) and lead (Pb) in the soil and chronic exposure to heavy metals can lead to their accumulation in plant parts affecting plant growth 2 , ground cover apart from having a negative impact on soil micro flora. Pesticides and agrochemicals are important inputs for improved yield and better quality crop production. However, an unplanned, erroneous and indiscriminate use of these organic compounds leads to the destruction of bio-control agents, pesticide residues in agro-ecosystems and environmental pollution, besides accumulating in the food chain 3 . Agricultural lands may be co-contaminated with both organic and inorganic substances, but limited work has been carried out for clean-up and monitoring of such co-contaminated lands. While studying such sites, it becomes important to consider the interactions of both organic and inorganic substances with respect to soil physico-chemical and biological properties that may affect both the form as well as availability of pollutants. Different metal concentrations have been shown to inhibit the microbial biodegradation of organics 4 and their further interaction with organic pollutants affects metal bioavailability 5 . In the present study, 15 representative agricultural soil samples from areas in and around Lucknow city, Uttar Pradesh (UP), India, were collected to assess the co-contamination of heavy metals and herbicides. Overall, the aim of the study was to assess the physicochemical and microbial properties of soils which are co-contaminated with inorganic (heavy metals) and organic compounds (herbicides), and analysis of correlation matrix.
Materials and methods

Study area
Lucknow, a large city in northern India, is the capital of UP. It is situated between 23°52′-31°28′N and 77°3′-84°39′E (ref. 6). The study area includes agricultural lands in and around Lucknow city (Figure 1 ). Industries such as brick kiln, leather tanning and electroplating are situated close to the study area.
Sampling and analysis
For the present study, a total of 45 topsoil (0-15 cm) samples were collected from 15 different agricultural lands through Z-pattern of sampling. Next, 300 g of each soil sample was taken in a 50 m diameter area and a composite sample was formed. The samples were collected in polyethylene bags, properly labelled and stored in the laboratory at 4°C prior to analysis 7 . To obtain reference data, soil samples were collected from remotely situated agricultural lands, where no herbicides were used previously (control soil). These soil samples were processed similar to test samples from the fields.
The soil samples were air-dried, pulverized and sieved (2 mm sieve) prior to analysis. Analytical-grade reagents were used throughout the study. 
Determination of physico-chemical parameters
The physico-chemical parameters such as pH, electrical conductivity (EC), organic carbon (OC), organic matter (OM), moisture content (MC), texture, available nitrogen (N), phosphorus (P) and potassium (K) were determined following standard methodology [8] [9] [10] [11] [12] [13] [14] [15] . For heavy metals (Pb, Hg, Cu, Cr, Ni, As, Cd, Mn, Fe) 1 g of each of the sieved soil samples was digested following the nitric/perchloric acid digestion procedure using Varian Spectra AA-250 plus Atomic Absorption spectrophotometer (AAS) 16 .
Soil bacteria
A spread-plate technique was used to estimate the soil bacterial population 17 . Colony-forming units per gram of soil (cfu/g) was calculated using the equation of Johnson and Case 18 .
Pesticide estimation in soil using HPLC
All the soil samples were air-dried at room temperature, pulverized and passed through 100 μm sieves and HPLC of soil samples was done using standard protocol given by Tekel and Stefan 19 . Tables 1 and 2 show average values of physical and chemical properties of soil samples respectively. The studied soil samples were found to vary between sandy loam and loam, which was in agreement to the texture observed in the studied area by Upadhyay and Sharma 20 . The pH of the soil samples ranged from 6.76 to 9.03, more towards neutral to alkaline in nature. Soil EC, an indicator of its salinity 21 , was found to vary from 60 to (Table 2) . Soil OM was found to vary from 3.65% to 12.39% which was directly related to the content of OC in soil samples studied. The high OC content results in plants taking up nutrients more easily, and this leads to change in pH which improves soil condition for crop growth 22 . N, P and K are micronutrients essential for plant growth. The available N content varied from 58.23 kg/ha in control soil to the highest value in Aishbagh soil, i.e. (486.08 kg/ha; Table 2 ). The available N content of most of the soil samples was high. The average amount of P in soil ranged from 6.53 to 37.3 kg/ha in different agricultural sites. On the basis of the limits suggested by Muhr et al. 23 , most of the soil samples (94%) were low (< 20 P 2 O 5 kg/ha) in available P status and the rest were in medium range (20-50 P 2 O 5 kg/ha). Potassium is another important nutrient for crops. The available K content in soil samples varied from 89.6 kg/ha in Barabanki soil to 769 kg/ha in Bijnor soil (Table 2) , which was highest among all the sites. Most of the soil samples (96%) were in medium range for K, i.e. 125-300 kg/ha (ref. 23) .
Results and discussion
Physico-chemical properties of soil
Correlation matrix among different physico-chemical properties
The relationships between different physico-chemical parameters were analysed by Pearson's correlation coefficient (Table 3) . A high correlation coefficient (near +1 or -1) indicates good relationship between two variables; its concentration around 0 indicates no relationship between them at a significant level (0.05%). It can be strongly correlated, if r > 0.7, while if r values lies between 0.5 and 0.7, it shows moderate correlation. In Table 3 , various notable significant correlations among different physico-chemical parameters have been summarized. pH established non-significant correlation with all parameters while showing negative correlation with P (r = -0.5). EC showed positive relationship with MC (r = 0.53. P > 0.05) and the rest of the parameters did not reveal any significant relationship. MC had no significant relationship with any physico-chemical parameters studied.
Results revealed that OC showed positive correlation with organic matter (r = 0.99, P > 0.01) and negative correlation with clay particles (r = -0.51), while with the rest of the parameters no significant correlation was observed (Table 3) .
Nitrogen showed positive correlation with phosphorus (r = 0.52, P > 0.05). Similar results have been reported by Ray and Mukhopadhyay 24 . Nitrogen established nonsignificant correlation with the rest of the parameters. With regard to phosphorus, relationships with all physico-chemical properties were statistically not significant. Phosphorus showed moderate relationship with nitrogen. Sand showed negative correlation with clay (r = -0.94, P < 0.01). Similar results for sand were observed by Kumar et al. 25 and no significant relationship was observed with the rest of the parameters.
Soil bacteria count
The quantification of the number of soil bacteria is an indication of soil health, e.g. if there are 10 6 -10 8 culturable bacteria present per gram of soil, it would be considered a healthy soil. Results (Figure 2 ) revealed the highest bacterial population in control soil (122 CFU/g × 10 5 ) and the lowest population was recorded in Diwanganj soil (13.7 CFU/g × 10 5 ). A number less than 10 6 per gram indicates poor soil health, which may be due to lack of nutrients as found in low OM soils, abiotic stress imposed by extreme soil pH values (<5 or >8), or toxicity imposed by organic/inorganic anthropogenic contaminants.
Distribution of heavy metals
Soils have the natural ability to hold onto metals. Acidification in the soil causes some metals to bind less tightly with soil particles, except Hg. Metals freed in this way become available to plants to which they may or may not be toxic. Table 4 shows the concentration of heavy metals in the soil at different sampling sites.
Pb levels in the collected soil samples were in the range 1.25-59 mg/kg, which falls within the permissible limits set by the World Health Organization (WHO) 26 . Cr levels in the study sites ranged from 1.4-213.42 mg/kg with an average of 59 mg/kg. Concentration of Cr in some agricultural sites (Barabanki, Kamlapur, Unnao) exceeded the permissible level (50 mg/kg) for soils as given by Ministry of Agriculture, Fisheries and Food (MAFF) 27 and Council of the European Communities (EC) 28 . Hg concentration in the studied soil samples was between 0 and 24 mg/kg (Kalliwest). Its concentration in all the soil samples, except control soil, Mohani and Unnao was above the permissible limit (0.3-5 mg/kg; Table 5 ).
Fe had the highest mean concentration among all metals studied and its level ranged from 1500 to 6450 mg/kg with mean being 3157.36 mg/kg, while the concentration of Cu (0.57-5.00 mg/kg; Table 5 ) was found within the range given by WHO 29 . Concentration of Ni, As and Mn in the soil samples was within permissible limits (Table 5) .
Cd level in all the soil samples was found between 5.51 and to 61.76 mg/kg, which was greater than the permissible limits (0.01-3.0 mg/kg) as observed by MAFF 27 and EC 28 . High Cd level in soil might be due to application of high doses of phosphate fertilizers and metal-based pesticides in agricultural crops 30 .
Relationship among different heavy metals
Pb showed positive correlation with Mn (r = 0.51, P > 0.05) and non-significant relationship with all heavy metals. Ni showed negative correlation with Cr (r = -0.62, P < 0.05) and strong negative correlation with As (r = -0.75, P < 0.01) and Fe (r = -0.64, P < 0.01). Fe showed significant correlation with Hg (r = 0.50), while with the rest of the heavy metals there was nonsignificant relationship. Similar result was also obtained for Ni by Tripathi and Mishra 31 . Hg showed negative correlation with As (r = -0.38) and non-significant relationship with the rest of the heavy metals (Table 6) .
Cr showed strong positive correlation with As (r = 0.82, P > 0.01) and negative correlation with Ni (r = -0.6, P > 0.05). Cd and Cu displayed non-significant relationship with the rest of the metals. As showed strong positive relationship with Cr (r = 0.82, P > 0.01) and positive relationship with Fe (r = 0.64, P > 0.05) while the rest of the parameters showed no relationship with As.
Relationship among different physico-chemical parameters and heavy metals
Pb showed significant relationship with EC (r = 0.42) and silt (r = 0.26). Similar results were observed by Aysen 32 . Hg showed positive correlation with phosphorus (r = 0.55, P > 0.05), negative correlation with pH (r = -0.32) and non-significant relationship with the rest of the parameters. Cd was found to show non-significant statistical relationship with the soil parameters studied. Cu showed positive correlation with EC (r = 0.61, P > 0.05) and N (r = 0.77, P > 0.01). Similar results were observed by Nauman and Khalid 33 . Cu also showed positive correlation with P (r = 0.62, P > 0.05) and negative correlation with sand (r = -0.45). Ni showed strong negative correlation with MC (r = -0.52, P < 0.05), OC and OM (r = -0.63, P < 0.05).
As showed strong positive correlation with OC and OM (r = 0.87, P > 0.01). Cr showed strong positive correlation with OC (r = 0.74, P > 0.01) and OM (r = 0.75, P > 0.01) and negative correlation with clay (r = -0.51, P < 0.05). Similar results were observed by Nauman and Khalid 39 . Fe showed positive correlation with OC and OM (r = 0.77, P > 0.01) and non-significant relationship with the rest of the physico-chemical parameters. This indicates that soils with high organic carbon content are rich in Fe. Mali et al. 34 reported similar correlation between OC and Fe content. Mn showed positive correlation with EC (r = 0.56, P > 0.05) and silt (r = 0.61, P > 0.05), and non-significant parameters relationship with the rest of the parameters (Table 7) . 
Cluster analysis of different heavy metals
Pesticides
In India approximately several thousand tonnes of herbicides are used for weed control, mainly in irrigated crops and plantations 35 . Chemical, biological and physical forces play an important role on the status of pesticides in soil. Pesticides remain or persist in the soil from days to years depending upon their type, OM, pH, soil moisture and temperature 36 . While collecting soil samples a survey was carried out to identify the pesticides used by farmers in agricultural lands in the selected sites. The survey revealed that majority of farmers used the herbicide Butachlor (Nbutoxymethyl-2-chloro-2,6-diethylacetanilide) belonging to the acetanilide class. It is used as a selective preemergent herbicide 37 . Integration of inorganic (metals and heavy metals) and organic source of nutrients for crop production is the significant factor influencing herbicide behaviour in soils 38 . Butachlor has also been found at significant levels in agricultural areas around Delhi 25 . In the light of the aforementioned context, HPLC chromatogram of standard Butachlor was compared with that of extracts of untreated soil samples from different agricultural sites. Out of the 15 soil samples studied, only 8 soil revealed Butachlor residues. In the HPLC Each datum is the mean of triplicate analyses (n = 3).
chromatogram, several small peaks were present apart from the standard peak corresponding to Butachlor that revealed the presence of other pestide, herbicide or insectide residues corresponding to Atrazine (pesticide), Benomyl (pesticide), Cypermethrin (pesticide), Endosulfan (insecticide), Methyl Parathion (insecticide), Isoproturon (herbicide), Chloropyriphos (insecticide) and Dichlorvos (insecticide). However, maximum residues of Butachlor in soil samples were preliminary compared with the corresponding residue limits used in other countries, considering the shortage of local standard for identifying soil pollution of the herbicides. Table 8 summarizes the results on Butachlor residues determined in soil samples. The concentration of Butachlor in the soil samples ranged from 4.78 μg/kg to 111.8 μg/kg; the measured concentration at Kalli East (46.56), Kamlapur (43.93) and Mau (111.88) soils was above the maximum allowable concentration. The national regulations relevant for pesticide residues in agricultural soils define the maximum residue level for Butachlor as 40 μg/kg (ref. 39 ).
Conclusion
The heavy metal concentration of soils in different land uses practicing extensive agricultural activities was analysed to assess soil quality in terms of its physicochemical properties. The data gave an insight into the level of co-contamination of agricultural areas with pesticide residues and heavy metals. Among the heavy metals tested, content of Hg and Cd was higher than the maximum permissible limits. Residues of several pesticides, herbicides and insecticides were detected in some of the soil samples. However, the presence of Butachlor exceeding the relevant minimum residual limit, indicated potential risk to the crop ecosystem apart from having a negative impact on human health. The observed heavy metals and pesticides in agricultural soils studied may be a matter of concern for future food chain accumulation and human health. Thus regular studies on herbicides and heavy metals are required to maintain soil health and contamination levels. Through regular assessment of heavy metals and herbicides in the soil possible sources of contamination as well as risks could be minimized, and mitigatory measures could be adopted thereof for bringing a large number of brown field sites into productive use.
